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Sir: 

The above-referenced patent application was filed at the U.S. Patent and 
Trademark Office on 3 December 2003 in Chinese language. The application has 
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(3) Five (5) Drawing Sheets prepared in accordance with U.S. Patent 
and Trademark Office Rules and Regulations. 

The undersigned attorney has not received any notification from the 
USPTO, however, it is believed that the application has now been placed in 
condition for examination. 

In the event there are any further charges associated with the filing of this 
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declare as follow: 

1. That I am well acquainted with both the English and Chinese 
languages, and 

2. That the attached document is a true and correct translation made 
by me to the best of my knowledge and belief of: 

Patent Application filed at USPTO on December 03, 2003. 



(translator's address) 



Date: January 19. 2004 




(Signature of translator) 
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MOLDING TECHNIQUE FOR COPPER INTERCONNECTING 
WIRES BY ELECTROCHEMICAL DISPLACEMENT 
DEPOSITION ON THE PRE-SHAPED METAL LAYER 

BACKGROUND OF THE INVENTION 

5 L Field of the Invention 

The present invention relates to molding technique for copper 
interconnecting wires by electrochemical displacement deposition on 
the pre-shaped metal layer, and more particularly to a molding 
technique for copper interconnecting wires by electrochemical 

10 displacement deposition on the pre-shaped metal layer for ultra large 
scale integrated circuit (ULSI). 
2. Description of Related Art 

The conventional methods of copper growth for very large scale 
integrated circuit (VSLI) and ULSI respectively comprise physical 

15 vapor deposition (PVD), chemical vapor deposition (CVD), 

electroplating, electroless deposition, etc., wherein the copper formed 
by other methods. However, the step coverage of the copper grown in 
the grooves in the surface of wafer by PVD id not even, and the copper 
grown by CVD has a good coverage, but not pure such that the copper 

20 growth by CVD has a resistance higher than that of the copper grown 
by PVD. Furthermore, the prescription of dry etching cannot create a 
reactant with high volatility such that the copper film cannot be etched 
and formed leading wires on the surface of the wafer. 



Consequently, major manufacturers use damascene process to 
grow copper. With reference to Fig. 4, an underlying dielectric layer 
(72) is formed on a substrate (71). Multiple grooves (73) are defined in 
the underlying dielectric layer (72) by photolithography etching and 
5 correspond to the copper interconnecting wires. A copper layer (74) is 
electroplated on the underlying dielectric layer (72) so that the copper 
interconnecting wires (741) is formed in the multiple grooves (73) after 
chemical mechanical polishing (CMP) for grinding the unnecessary 
portion of the copper layer (74). 

10 However, the manufacturer must grind the copper layer (74) 

one after one by CMP in the current technique. Consequently, the 
conventional method for forming the copper interconnecting wires by 
CMP takes a lot of manufacturing cost and has an output in a low rate, 
and needs to be advantageously altered. 

15 With reference to Fig. 5, for solving the above problems of 

damascene process, an electrochemical displacement deposition (EDD) 
is used. As shown in Fig. 5, an underlying dielectric layer (82) is piled 
upon a substrate (81) and multiple grooves (821) are defined in the top 
of the underlying dielectric layer (82) by etching. A mask (83) is 

20 coated on the surface of the underlying dielectric layer (82) and a 
poly-silicone layer (84) is piled on the mask (83). The poly-silicone 
layer (84) is ground to be flushed with the mask (83) so that each 
groove (821) is fill with poly-silicone. Finally, the solution containing 



hydrofluoric acid (BOE) and cupric sulphate (CuS0 4 ) is used to 

execute the electrochemical displacement deposition to the remained 

poly-silicone layer (84) to reduce the copper ions in the solution and 

collect on the surface of the mask (83). The reduced copper ions are 

5 used as the copper interconnecting wires. The chemical formula of the 

above chemical reaction is followed: 

Si+6F~+2Cu 2+ -^SiF6 2 ~+2Cu (s) , B^^+lAScV 

However, the copper grown by the method of the EDD has a 
high resistance and is difficult to be adhered on the surface of the 
10 wafer. 

The present invention has arisen to mitigate and/or obviate the 
disadvantages of the conventional methods for growing copper 
interconnecting wire. 
SUMMARY OF THE INVENTION 

15 The main objective of the present invention is to provide an 

improved molding technique for copper interconnecting wires by 
electrochemical displacement deposition on the pre-shaped metal layer 
for providing a good connection between the copper interconnecting 
wires and the adhering layer, and reducing the resistance value of the 

20 copper interconnecting wires. 

To achieve the objective, the molding technique in accordance 
with the present invention comprising the following steps: 
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step 1: preparing a silicone wafer that is used as a 

substrate; 

step 2: forming a wet oxide on the substrate by a stove in 
high temperature; 
5 step 3: forming a layer of Si 3 N 4 and used as a 

corrode-proof layer; 

step 4: adding N 2 into a sputtering apparatus to form TiN 

o 

on the corrode-proof layer having a thickness about 100 A and used as 
a adhering layer; 

10 step 5: forming a layer on the adhering layer in the 

sputtering apparatus and used as a sacrificial layer, the adhering layer 
being used to enhance the connection between the sacrificial layer and 
the corrode-proof layer; 

step 6: patterning the sacrificial layer and cutting the 
15 unnecessary portion relative to the copper interconnecting wires, 
wherein the patterned sacrificial layer in used as a mold for 
displacement and amassing the copper interconnecting wires; 
step 7: preparing reaction solution; 
step 8: putting the substrate with the mold into the 
20 reaction solution; and 

step 9: taking the substrate from the reaction solution and 
then the copper interconnecting wires are formed on the substrate due 
to the mold on the sacrificial layer. 



Further benefits and advantages of the present invention will 
become apparent after a careful reading of the detailed description with 
appropriate reference to the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow chart of a molding technique for copper 
interconnecting wires by electrochemical displacement deposition on 
the pre-shaped metal layer in accordance with the present invention; 

Fig. 2 is a block diagram of a molding technique for copper 
interconnecting wires by electrochemical displacement deposition on 
the pre-shaped metal layer in accordance with the present invention; 

Fig. 3 is a function view that the effect of the annealing time on 
the sheet resistance of the copper film formed by the electrochemical 
displacement reaction, wherein the environment gas during annealing 
is H 2 ; 

Fig. 4 is a flow chart of a conventional damascene process for 
growing copper; and 

Fig. 5 is a flow chart of a conventional electrochemical 
displacement deposition (EDD) for growing copper. 
DETAILED DESCRIPTION OF THE INVENTION 

Referring to the drawings and initially to Figs. 1 and 2, a 
molding technique for copper interconnecting wires by electrochemical 
displacement deposition on the pre-shaped metal layer in accordance 
with the present invention is used to form an adhering layer (11) on a 



substrate (1) and a sacrificial layer (12) on the adhering layer (11). The 
sacrificial layer (12) is patterned according to the copper 
interconnecting wires and displaced to form the copper interconnecting 
wires in a specific chemical solution. 
5 The molding technique for copper interconnecting wires by 

electrochemical displacement deposition on the pre-shaped metal layer 
comprises the following steps: 

Step 1: preparing a silicone wafer that is used as the substrate (1) 
of the present invention; 
10 Step 2: forming a wet oxide (101) by a stove in high 

temperature, wherein the wet oxide (101) has a thickness about 1500 A 
for insulating; 

Step 3: forming a layer of Si 3 N 4 having a thickness about 500 A 
and used as a corrode-proof layer (102), wherein the layer of Si 3 N 4 is 
15 formed by plasma enhanced chemical vapor deposition (PECVD); 

Step 4: adding N 2 into a sputtering apparatus to form TiN on the 

o 

corrode-proof layer (102) having a thickness about 100 A and used as 
the adhering layer (11), in the preferred embodiment of the present 
invention, the process for forming the adhering layer (11) tacking about 
20 eighty-six seconds; 

Step 5: forming a layer of Ti on the adhering layer (11) in the 
sputtering apparatus, the layer of Ti having a thickness about 3000 A 
and used as the sacrificial layer (12), the adhering layer (11) being used 



to enhance the connection between the sacrificial layer (12) and the 
corrode-proof layer (102); 

Step 6: patterning the sacrificial layer (12) and cutting the 
unnecessary portion by lithography relative to the copper 
5 interconnecting wires, wherein the patterned sacrificial layer (12) in 
used as a mold (121) for displacement and amassing the copper 
interconnecting wires; 

Step 7: adding 40 milliliters hydrofluoric acid (BOE) and 4 
grams cupric sulphate (CuS0 4 ) into one liter deionized water for 
10 forming the reaction solution; 

Step 8: putting the substrate (1) with the mold (121) into the 
reaction solution for eight minutes; and 

Step 9: taking the substrate (1) from the reaction solution and 
then the copper interconnecting wires are formed on the substrate (1) 
15 due to the mold (121) on the sacrificial layer (12) of Ti. 

The Ti of the sacrificial layer (12) can be displaced by Ta and 
the sacrificial layer (12) can further be patterned by photolithography 
etching. 

The corrode-proof layer (102) formed by Si 3 N 4 can effectively 
20 prevent the substrate (1) from being corroded due to the BOE. 

The copper grown by the conventional method of damascene 
process cannot be etched by lithography or photolithography so that the 
copper needs to be ground. However, in the present invention, the Ti 



sacrificial layer (12) is patterned to form a mold (121) relative to the 

copper interconnecting wires (2) and the copper grows corresponding 

to the mold (121). Consequently, the grinding process is unnecessary to 

the method in accordance with the present invention. 

5 Furthermore, the sacrificial layer (12) is formed by Ti or Ta that 

is adhesive and the Ti and Ta can prevent the copper atom from being 

spread into the wet oxide (101), the corrode-proof layer (102) and the 

substrate (1) to influence the transistor, and promote the connection 

between the copper interconnecting wires (2) and the adhering layer 

10 (11). The copper interconnecting wires (2) formed by the method of the 
present invention have a resistance value about 8.5 fi Q -cm that is very 

closed to that of aluminum interconnecting wires. With reference to Fig. 

3, the resistance value of the copper interconnecting wires (2) will be 
reduced to 1.67 fi Q -cm that is very closed to the ideal resistance value 

15 of copper. 

As described above, the method in accordance with the present 
invention can provide a good connection between the copper 
interconnecting wires (2) and the adhering layer (11) and reduce the 
resistance value of the copper interconnecting wires (2). Consequently, 
20 the present invention has arisen to obviate the disadvantages of the 
conventional methods for growing copper interconnecting wires. 

Although the invention has been explained in relation to its 
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preferred embodiment, it is to be understood that many other possible 
modifications and variations can be made without departing from the 
spirit and scope of the invention as hereinafter claimed. 
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